Microbial transformation of polychlorinated dibenzop-dioxins/dibenzofurans (PCDD/Fs) has been well documented in connection with natural attenuation and engineered bioremediation of organohalogen pollution (Field and Sierra-Alvarez, 2008; Hiraishi, 2003 Hiraishi, , 2008 . Previously, we constructed laboratory-scale semi-anaerobic microcosms with sediment contaminated with high concentrations of PCDD/Fs in order to study microorganisms involved in the transformation J. Gen. Appl. Microbiol., 58, 211 224 (2012) Three strains of aerobic chemoorganotrophic naphthalene-degrading bacteria (designated TSY03b T , TSY04, and TSW01) isolated from sediment of a polychlorinated-dioxin-transforming microcosm were characterized. These strains had Gram-negative-stained, rod-shaped cells measuring 0.6 0.9 μm in width and 1.2 3.0 μm in length and were motile by means of peritrichous fl agella. Naphthalene was utilized as the sole carbon and energy source, and the transcription of a putative aromatic-ring hydroxylating gene was inducible by naphthalene. The major component of cellular fatty acids was summed feature 8 (C 18 1 ω7c and/or C 18 1 ω6c), and signifi cant proportions of C 18 0 and C 19 0 cyclo ω8cis were also found. The major respiratory quinone was ubiquinone-10. The G+C content of the DNA was 60.3 60.9 mol%. Phylogenetic analyses by studying sequence information on the housekeeping atpD, dnaK, glnII, gyrB, and recA genes as well as on 16S rRNA genes and the 16S-23S rDNA internal transcribed spacer region revealed that the strains grouped with members of the genus Rhizobium, with Rhizobium selenitireducens as their closest relative but formed a distinct lineage at the species level. This was confi rmed by genomic DNA-DNA hybridization studies. These phenotypic, genotypic, and phylogenetic data strongly suggest that our isolates should be classifi ed under a novel species of the genus Rhizobium. Thus, we propose the name Rhizobium naphthalenivorans sp. nov. to accommodate the novel isolates. The type strain is TSY03b T (= NBRC 107585 T = KCTC 23252 T ).
of PCDD/Fs Yoshida et al., 2005) . In these microcosms, all congeners of PCDD/Fs were totally reduced without signifi cant accumulation of fewer chlorinated congeners. One of the possible explanations for this phenomenon was that anaerobic dehalorespiring bacteria and aerobic aromatic-hydrocarbon-degrading bacteria coexisted and played roles in reductive dechlorination of PCDD/Fs and oxidative degradation of fewer chlorinated and dechlorinated products, respectively. Indeed, the microcosms yielded high population densities of Dehalococcoides and its relatives within the phylum Chlorofl exi as potent dechlorinators and lower levels of aromatic-hydrocarbon-degrading bacteria, as revealed by culture-independent molecular approaches and cultivation methods Kaiya et al., 2012; Yoshida et al., 2005) .
From one of the PCDD/F-transforming microcosms, we have successfully isolated a number of aromatichydrocarbon-degrading bacteria, among which those affi liated with the genus Rhizobium by 16S rRNA gene sequence comparisons formed one of the most abundant taxonomic groups detected (Kaiya et al., 2012) . While limited information has been available on the potential degradation of aromatic hydrocarbon by members of the genus Rhizobium (Ben Said et al., 2008; Sanchez et al. 2005 ), our Rhizobium isolates were able to utilize naphthalene as the sole carbon and energy source and to degrade biphenyl and dibenzofuran co-metabolically. A genomic DNA region covering a gene encoding putative aromatic-ring-hydroxylating oxygenase (AhDO) in one of the isolates was cloned and identifi ed (Kaiya et al., 2012) .
In this study, a mulitilocus sequence analysis (MLSA) of housekeeping genes and the 16S-23S rDNA internal transcribed spacer (ITS) region as well as phenotypic and chemotaxonomic studies were performed to characterize the Rhizobium strains more throughly from taxonomic and phylogenetic viewpoints. Based on the results of these approaches, we propose to classify the isolates under a novel species of the genus Rhizobium with the name Rhizobium naphthalenivorans sp. nov.
Materials and Methods
Test strains and cultivation. The organisms used in this study were strains TSY03b T , TSY04, and TSW01, all of which were isolated from the sediment slurry taken from a laboratory-scale semi-anaerobic PCDD/ F-transforming microcosm (Kaiya et al., 2012) . For comparison, Rhizobium radiobacter strain NBRC 13532 T and Rhizobium selenitireducens strain LMG 24075 T , which were obtained from the NITE Biological Resource Center (NBRC), Kisarazu, Japan, and the LMG Bacteria Collection, Gent, Belgium, respectively, were used. Unless otherwise indicated, all test organisms were aerobically grown in PBY medium (Futamata et al., 2004) at 25 C for testing.
Phenotypic and chemotaxonomic analyses. General cell morphology and motility were observed under an Olympus phase-contrast microscope. Gram stain was performed using a Favor G Gram-stain kit (Nissui, Tokyo, Japan) according to the manufacturer s instruction. The mode of fl agellation was determined by the Leifson s staining method (Leifson, 1930) . The temperature and pH ranges for growth was determined for cultures cultivated at 10 to 45 C and at pH 4.0 10.0, respectively. Salt requirement was determined using PBY medium supplemented with 1, 2, 3, 4, and 5% NaCl. For carbon nutrition tests, RM2 basal medium (Hiraishi and Kitamura, 1984) supplemented with an organic compound (fi nal concentration, 0.2%, [w/v] ) as the sole carbon and energy sources was used. Tests for nitrogen source utilization were performed using 0.2% glucose-containing RM2 medium in which (NH 4 ) 2 SO 4 was replaced with a nitrogen source at a concentration of 0.1%. In these tests, growth was monitored by measuring the optical density at 660 nm (OD 660 ) of cultures . Susceptibility to antibiotics was determined using PBY agar medium supplemented with 5, 20, and 100 μg ml 1 of ampicillin, chloramphenicol, kanamycin, streptomycin, and tetracycline. Production of 3-ketolactose was determined by the method of Bernaerts and DeLey (1963) . All other physiological and biochemical tests were performed using an API-20NE test kit (bioMérieux, Marcy l Etoile, France) according to the manufacturer s instructions and as described previously (Kubota et al., 2005) . Quinones from cells were extracted with an organic solvent mixture, purifi ed by thin-layer chromatography, and separated by HPLC as described previously (Hiraishi and Hoshino, 1984; Hiraishi et al., 1996) . Cellular fatty acids were extracted with HCl/methanol and the resultant methyl esters were analyzed by gas-liquid chromatography with the Sherlock Microbial Identifi cation System (MIDI) (Tighe et al., 2000) .
Testing for aromatic compound degradation. Tests for degrading aromatic compounds were performed using RM2 medium supplemented with one of the following compounds (fi nal concentration, 0.015% [w/v] ) : benzene, benzoate, biphenyl, m-cresol, o-cresol, pcresol, dibenzofuran, dibenzo-p-dioxin, naphthalene, phenol, toluene, m-xylene, o-xylene, p-xylene, or benzoate, or phenol as previously described (Suzuki and Hiraishi, 2007) . Except benzoate and phenol, all these compounds were added as a fi lter-sterilized solution in 2,2 , 4,4 , 6,8,8 -heptamethylnonane to the test medium. All test cultures were aerobically grown at 25 C for 10 days. The ability to degrade the compounds was determined by measuring the concentration of an added compound by HPLC as well as by monitoring the OD 660 of cultures as described previously (Futamata et al., 2004; Hiraishi et al., 2002) . Metabolites produced during aromatic compound degradation were analyzed by gas chromatography/mass spectrometry (GC/MS) using an Agilent 7890A GC/MS system (Santa Clara, USA). All tests were carried out in triplicate.
Analysis of AhDO genes and reverse-transcription PCR.
An AhDO large subunit (AhDOa) gene was PCR-amplifi ed by using a primer set of PAH2 and PAH5r and sequenced as described previously (Kaiya et al., 2012) . Substrate-induced transcription of AhDOa genes was studied by a combination of reverse transcription-PCR and real-time quantitative PCR (qPCR). Cells were grown in RM2 medium supplemented with 0.05% yeast extract and either 0.015 0.02% biphenyl, dibenzofuran, naphthalene, or glucose, incubated aerobically on a reciprocal shaker at 25 C, and harvested at appropriate intervals of growth by centrifugation. Total RNA from cells was extracted using an SV Total RNA Isolation system (Promega, Madison, USA), and cDNA synthesis was performed using an Affi nityScript TM Multiple Temperature cDNA Synthesis kit (Stratagene, La Jolla, USA) as specifi ed by the manufacturer s instructions. The transcription levels of the AhDOa gene were measured by real-time qPCR with the cDNA as the template and a primer set of TSY03b-1f/TSY03b-1r (Kaiya et al., 2012) . For comparison, a primer set of 357f/517r was used to quantify the transcription level of the 16S rRNA gene. The real-time qPCR assay was performed using a LightCycler FastStart DNA Master SYBR GREEN I kit (Roche Molecular Biochemicals, Indianapolis, USA) and a LightCycler system (Roche Diagnostics, Mannheim, Germany) according to the manufacturer s instructions and as described previously . The PCR procedure included pre-heating at 95 C for 10 min and 40 cycles of the reactions each of which consisted of denaturation at 95 C for 10 s, annealing at 65 C for 4 s, and extension at 72 C for 8 s. The copy number of the amplicons was calculated using the LightCycler software ver. 3.5 (Roche Diagnostics).
MLSA studies. MLSA-based phylogenetic analyses were preformed by studying sequence information on the housekeeping genes that encode ATP synthase beta subunit (atpD), heat-shock protein Hsp70 (dnaK), glutamine synthetase II (glnII), DNA gyrase subunit B (gyrB), and recombinase A protein (recA) as well as on 16S rRNA genes and the ITS region. PCR amplifi cations of atpD, dnaK, glnII, gyrB, and recA genes were performed using specifi c primer sets of atpD255F/ atpD782R, dnaK1466F/dnaK1777R, glnII12f/glnII689r, gyrB343F/gyrB1043R, and recA41F/recA649R, respectively, under optimized PCR conditions as reported (Martens et al., 2007 (Martens et al., , 2008 Vinuesa et al., 2005) . The ITS sequences were amplifi ed with a primer set of 1492f (Lane, 1991) and LS117r (Okamura et al., 2009) as described. In addition, the nodD and nifH genes, which are involved in nodulation and nitrogen fi xation, respectively, were PCR-amplifi ed with specifi c primer sets of nodCFu/nodCI and nifHF/nifHI as described (Laguerre et al., 2001 ). All PCR products were purifi ed by the polyethylene glycol precipitation method (Hiraishi et al., 1995) and sequenced directly using a BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems, Tokyo, Japan) and an Applied Biosystems 3100 genetic analyzer.
Phylogenetic analysis. Sequence data on 16S rRNA genes obtained previously (Kaiya et al., 2012) and on the 16S 23S ITS region and the 5 housekeeping genes determined in this study were compared to those retrieved from the DDBJ/EMBL/GenBank DNA databanks. Multiple alignments of nucleotide sequences were performed using the ARB program package (Ludwig et al., 2004) with manual correction using its editing tool. Phylogenetic trees were constructed by the neighbor-joining (NJ) method (Saitou and Nei, 1987) using the ARB program and the MEGA5.03 program (Tamura et al., 2011) . Tree construction was also made by the maximum likelihood (ML) method using the TREEFINDER program package . Bootstrap resampling analyses (Felsenstein, 1985) for 1,000 replicates were done using the PAUP 4.0 program (Swofford, 2002) and the MEGA5.03 pro-
gram.
Genomic DNA base ratios and DNA-DNA relatedness. Genomic DNA was extracted and purifi ed by the method of Marmur (1961) and the guanine + cytosine (G+C) content was determined by HPLC (Mesbah et al., 1989) . DNA-DNA hybridization studies were performed using the quantitative dot-blot hybridization with the Alkphos Direct Labelling and Detection System with CDP-star (Amersham Pharmacia Biotech) as described previously (Kubota et al., 2005) .
Nucleotide sequence accession numbers. The nucleotide sequences determined in this study have been deposited under DDBJ accession numbers AB684351 to AB684357.
Results and Discussion

Morphology and cultural characteristics
Cells of strains TSY03 T , TSY04, and TSW01 were Gram-negative-stained, asporogenous, straight and slightly curved rods measuring 0.6 0.9 μm in width and 1.2 3.0 μm in length (Fig. S1a) . They divided by binary fi ssion and were motile by means of peritrichous fl agella (Fig. S1b) . Colonies on ordinary nutrient agar media were circular, opaque, beige-colored and 3 5 mm in diameter after 2 days of incubation. Mucous colonies were not formed on carbohydrate-containing agar media, unlike the case of many species of the genus Rhizobium.
Physiology, biochemistry, and chemotaxonomy
The 3 isolates were strictly aerobic, mesophilic, neutrophilic, and chemoorganotrophic. They were unable to grow anaerobically in PBY medium supplemented with nitrate, nitrite, or fumarate as a terminal electron accepter. No fermentative growth with glucose or pyruvate was observed. Growth occurred in a temperature range of 20 37 C (optimum, 28 30 C) and in a pH range of 6.0 9.0 (optimum, pH 7.0). The isolates did not require added NaCl for optimal growth but grew at added NaCl concentrations up to 3.0% (w/v). The doubling time was 1.3 1.5 h under optimum growth conditions (28 C, pH 7.0).
Biochemical assays using an API-20NE kit showed that all isolates were positive for cytochrome oxidase, β-galactosidase, urease, esculin hydrolysis, and assimilation of L-arabinose, glucose, maltose, gluconate, and malate. Negative reactions with this kit were observed for nitrate reduction, indole production, arginine hydrolase, gelatin hydrolysis, and assimilation of mannitol, N-acetyl-glucosamine, caproate, adipate, citrate, and phenylacetate. Catalase was produced. Hydrolysis of starch, casein, and Tween 80 was negative. Little or no production of 3-ketolactose was observed. Good carbon sources were sugars and several other simple organic compounds as well as yeast extract and peptone (see the description for species for details). Growth was inhibited by ampicillin, chloramphenicol, kanamycin, streptomycin, and tetracycline at a concentration of 5 μg ml 1 .
Whole-cell fatty acid analyses showed that the iso- lates as well as R. selenitireducens strain LMG 24075 T as their phylogenetic relative (see below) contained the non-polar straight-chain fatty acids defi ned as summed feature 8 (C 18:1 ω7c and/or C 18:1 ω6c) as the major component (70.4 72.0%) ( Table 1) . Our isolates also contained signifi cant proportions of C 18:0 (10.4 12.6%) and C 19:0 cyclo ω8cis (5.9 9.1%), both of which occurred in much lower proportions in R. selenitireducens LMG 24075 T . Ubiquinone-10 was the major respiratory quinone. Menaquinones were absent.
Characteristics of aromatic compound degradation
In this study, we confi rmed the previous fi nding ( Kaiya et al., 2012 ) that the isolates grew by complete deg- Fig. 1 . Neighbor-joining distance matrix tree based on 16S rRNA gene sequences showing the phylogenetic relationships between the new isolates (shown in bold face) and previously known species of the genus Rhizobium.
Bradyrhizobium japonicum strain DSM 30131 T (D11345) was used as an outgroup to root the tree. Scale bar = 2% nucleotide substitution rate (K nuc ). The accession numbers for the sequences used in the analysis are given in parentheses behind the organism names. The branching points with symbols show the nodes supported by 95% (closed circles), 85% (open circles), and 75% (open squares) of bootstrap probabilities with 1,000 replicates.
Vol. 58 KAIYA et al. radation of naphthalene as the sole carbon and energy source within 24 h of incubation (see Fig. S3a ). Any other test aromatic compounds including benzene, biphenyl, dibenzofuran, dibenzo-p-dioxin, toluene, mxylene, o-xylene, p-xylene, m-cresol, o-cresol, p-cresol, benzoate, or phenol as the sole substrate supported no growth of the isolates. However, biphenyl and dibenzofuran were degraded co-metabolically in the presence of naphthalene as already reported (Kaiya et al., 2012) . GC/MS analysis detected an intermediate metabolite, 1.1 -biphenyl-2,3-diol, in the culture grown with biphenyl plus naphthalene (Fig. S2) .
PCR cloning and sequencing confi rmed that all of the isolates had a putative AhDOa gene whose sequences are identical with each other and their putative products are categorized under the biphenyl dioxygenase family based on the Batie classifi cation system (Kaiya et al., 2012) . The closest relative of this AhDOa gene is that of Polymorphum gilvum SL003B-26A1 (87% similarity). The transcription of the AhDOa gene of strain TSY03b
T was inducible by naphthalene but not by biphenyl or glucose (Fig. S3) . Thus, we have named this gene naphthalene-inducible AhDOa (NidA1) gene. This NidA1 gene may be involved in the degradation of naphthalene in this organism.
MLSA-based phylogeny
The 3 new isolates had almost the same sequence of the 16S rRNA gene (99.8 100% similarity) in the 1,480 positions determined. A phylogenetic analysis on the basis of 16S rRNA gene sequences indicated that the isolates were affi liated with the genus Rhizobium with the type strain of R. selenitireducens (B1 T = LMG 24075 T ) as their closest relative (Fig. 1) . The sequence similarity levels between our isolates and R. selenitireducens, which includes only one strain at present (Hunter et al., 2007) , are 99.0 99.1%, the values corresponding the threshold of grouping bacterial strains as a genetically single species (Stackebrandt and Ebers, 2006) .
To more clearly determine the taxonomic position of our isolates in the genus Rhizobium, further phylogenetic analyses were performed by studying sequence information on the 5 housekeeping genes as well as The sequence of Bradyrhizobium japonicum DSM 30131 T (AB573865) was used as an outgroup to root the tree. Bar = 5% nucleotide substitution rate (K nuc ). Other information on the tree is the same as given in Fig. 1 .
on the 16S 23S rDNA ITS region. An NJ phylogenetic tree based on the ITS sequence information showed that strains TSY03 T , TSY04, and TSW01 formed a distinct lineage within the genus Rhizobium with R. selenitireducens as their closest relative (Fig. 2) . The distinct phylogenetic position of the isolates within the genus Rhizobium was also supported by the NJ trees based on the gene sequences of atpD (Fig. 3) , dnaK (Fig. 4) , gluII (Fig. 5) , gyrB (Fig. 6) , and recA (Fig. 7) . In all these NJ trees, except that based on the atpD gene sequence, the type strain of R. selenitireducens was the nearest phylogenetic neighbor of the isolates. Similar topographies of the phylogenetic trees were obtained by the ML method (data not shown). The similarity levels between the isolates and R. selenitireducens based on the 5 housekeeping gene sequences were 80.4 90.3%, whereas those among the isolates were 98.6 100%. The results of MLSA-based phylogenetic studies strongly suggest that the isolates should represent a new genospecies of the genus Rhizobium.
The nodC and nifH genes as well as the housekeeping genes noted above have been used as molecular markers for elucidating phylogenetic relationships The sequence of Bradyrhizobium japonicum DSM 30131 T (AY386754) was used as an outgroup to root the tree. Scale bar = 2% nucleotide substitution rate (K nuc ). Other information on the tree is the same as given in Fig. 1 .
Vol. 58 KAIYA et al. The sequence of Bradyrhizobium japonicum DSM 30131 T (AY923043) was used as an outgroup to root the tree. Bar = 5% nucleotide substitution rate (K nuc ). Other information on the tree is the same as given in Fig. 1 . The sequence of Bradyrhizobium japonicum DSM 30131 T (HQ587875) was used as an outgroup. Bar = 2% nucleotide substitution rate (K nuc ). Other information on the tree is the same as given in Fig. 1. among Rhizobium species and some other nitrogenfi xing bacteria (Laguerre et al., 2001; Rivas et al., 2002; Wernegreen and Riley, 1999) . However, our attempt to detect the nodC gene with a specifi c PCR primer of nodCFu/nodCI gave negative results in all isolates. In addition, PCR products with the nifH-targeting primers nifHF/nifHI were detected in the isolates, but were found to be false-positive by sequencing the subcloned DNA fragments.
DNA base composition and DNA-DNA hybridization
To further confi rm the taxonomic position of our isolates as a distinct genospecies of the genus Rhizobium, genomic DNA-DNA hybridization studies were performed. The isolates were highly similar to each other at hybridization levels of more than 86%. Strain TSY03b
T as the source of probe DNA showed a DNA-DNA similarity level of 55% to R. selenitireducens strain LMG 24075
T and of 25% to R. radiobacter strain NBRC 13532 T . The G+C content of the genomic DNA of the isolates ranged from 60.3 to 60.9 mol%.
Taxonomic consideration
By 16S rRNA gene sequence comparisons, the 3 naphthalene-degrading strains we isolated are most related to the type strain of R. selenitireducens at 99.0 99.1% similarities. These levels of similarity correspond to the threshold of grouping bacterial strains as a genetically single species (Stackebrandt and Ebers, 2006) . To get a more comprehensive understanding of the taxonomic position of our isolates, therefore, we performed the MLSA of housekeeping genes and the ITS region, which has been successfully made for phylogenetic studies on Rhizobium species and related alphaproteobacteria (Martens et al., 2007; Menna et al., 2009; Okamura et al., 2009; Tan et al., 2001; Willems et al., 2001) . In this study, the MLSA analysis of the atpD, dnaK, gluII, gyrB, and recA genes and the ITS region has revealed that our isolates represent a distinct lineage within the genus Rhizobium with R. selenitireducens as their phylogenetic neighbor. Supporting the results of the MLSA analysis, the genomic DNA-DNA similarity level between strain TSY03b T and R. selenitireducens strain LMG 24075 T was low enough (55% hybridization level) to warrant different taxonomic allocations at the species level. At present, the genus Rhizobium encompasses more than 40 established species, all of which are fastgrowing, acid-producing, chemoorganotrophic bacteria. They are mainly symbiotic nitrogen fi xers, and The sequence of Bradyrhizobium japonicum DSM 30131 T (AM418801) was used as an outgroup. Scale bar = 5% nucleotide substitution rate (K nuc ). Other information on the tree is the same as given in Fig. 1 . Vol. 58 KAIYA et al. some are endophytic or non-symbiotic species (Kuykendall et al., 2005; Sawada et al., 2003) . Although it is clear that our isolates phenotypically and phylogenetically conform to the genus Rhizobium, they are unlikely capable of nodulation and nitrogen fi xation because of the lack of the nodC and nifH genes as revealed by PCR assays. One of the most characteristic features of the isolates is growth by degrading naphthalene as the sole substrate. Although some reports have shown that limited members of Rhizobium have a potential of aromatic hydrocarbon degradation (Ben Said et al., 2008; Sanchez et al., 2005) , none of the established Rhizobium species have been described for this trait. To our knowledge, therefore, this paper is the fi rst to offi cially describe a Rhizobium species capable of growing with naphthalene as the sole carbon and energy source. By combination of many other phenotypic characteristics, our isolates can be The sequence of Bradyrhizobium japonicum DSM 30131 T (AM182158) was used as an outgroup to root the tree. Scale bar = 2% nucleotide substitution rate (K nuc ). Other information on the tree is the same as given in Fig. 1. differentiated from all previously known species of the genus Rhizobium (see Table 2 ).
Based on the phenotypic and MLSA-based phylogenetic data noted above, thus, we propose to classify the isolates under a novel species of the genus Rhizobium with the name Rhizobium naphthalenivorans sp. nov. Differential phenotypic characteristics of Rhizobium naphthalenivorans and some genetically related species of the genus Rhizobium are shown in Rhizobium naphthalenivorans (naph.tha.le.ni.vo rans. N.L. n. naphthalenum, naphthalene; L. part. adj. vorans, devouring; N.L. part. adj. naphthalenivorans, naphthalene-devouring) . Cells are Gram-negativestained, non-spore-forming, straight or slightly curved rods measuring 0.6 0.9 1.2 3.0 μm. Motile by means of peritrichous fl agella. Colonies are circular, convex, opaque, and beige. Strictly aerobic and chemoorganotrophic. Growth occurs at 20 37 C (optimum 25 30 C) and at pH 6.0 9.0 (optimum pH 7.0). 
glycine, pyroglutamate, L-asparagine, 8-quinolinol, mhydroxybenzoate, benzene, biphenyl, dibenzofuran, dibenzo-p-dioxin, toluene, m-xylene, o-xylene, p-xylene, m-cresol, o-cresol, p-cresol, benzoate, or phenol . Ammonium, L-glutamine, L-leucine, and L-asparagine are utilized as nitrogen sources. Growth is inhibited by tetracycline, streptomycin, chloramphenicol, kanamycin, and ampicillin at a concentration of 5 μg ml 1 . The major cellular fatty acids are summed feature 8 (C 18:1 ω7c and/or C 18:1 ω6c) and small but signifi cant proportions of C 18:0 and C 19:0 cyclo ω8cis are present. Ubiquinone-10 is the major respiratory quinone. The G+C content of genomic DNA is 60.3 60.9 mol%. The type strain is TSY03b T (= NBRC 107585 T = KCTC 23252 T ), isolated from sediment in a PCDD/Ftransforming microcosm. The accession number for the 16S rRNA gene sequence of the type strain is AB663504.
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